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Abstract: The study explored propagation techniques of Entada rheedii Spreng., a threatened medicinal 
climber species with extremely hard seed coat. Propagation trials included both pre-sowing treatments of 
seeds for germination and clonal propagation by stem cutting. Pre-sowing treatments included (a) soaking 
of both cut (notched) and uncut (intact) seeds in water for 0 h, 24 h, 48 h, and 72 h and (b) immersion 
of intact seeds in 5% acetone solution for 5 min, 10 min, and 20 min before sowing in germination media 
in polybags. On the other hand, stem cutting involved treating the summer or autumn cuttings with 0%, 
0.4%, and 0.8% IBA solution before rooting in non-mist propagator. Notched seeds soaked in water for 48 
h showed the fastest seed germination with the highest germination percentages (73.3) and better seedling 
growth in terms of plant height, collar diameter, leaf number and total dry mass followed by notched seeds 
soaked in water for 72 h. The slowest germination and the lowest germination percentage (3.3), as well as 
the poorest growth performance was for intact seeds without any treatment. The highest rooting percent-
age with maximum number of roots (36.6) was obtained from the summer cuttings treated with 0.4% IBA 
solution followed by autumn cuttings with 0.8% IBA and the lowest (43.3% and 8.3 roots) was for summer 
cuttings in control. The factors also dictated the survival and growth performance of rooted cuttings in the 
nursery conditions. The outcomes of these trials i.e., notched seeds soaking in water for 48 h will help to 
enhance the propagation of this valuable medicinal plant species.
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Introduction

The genus Entada (Family: Fabaceae; subfamily: 
Mimosoideae) consists of 30 tropical and subtropical 
species (Luckow, 2005; Yang et al., 2005; Ohashi et 
al., 2010; Okba et al., 2013; Hoveka, 2017) includ-
ing Entada rheedii Spreng. (Synonyme: Entada rheedei, 

Entada phaseolides or Entada pursaetha (Cleversley, 
2002; Awale, 2005; Ohashi et al., 2010). Entada rhee-
dii Spreng. is a large woody twisted liana commonly 
known as Adenanthera Gogo, African Dream Herb, 
Balugo, Dipai, Dream Bean, Garambi, Garbi, Gogo, 
Gogong-bakai, Kakavalli, Kessing, Lipai, Match-
box Bean, Sea Bean, Sea Heart, Snuff Box Sea Bean, 
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Tamayan in different areas throughout the tropical 
and subtropical regions in Madagascar, Southern Afri-
ca, Asia, and Australia (Cleversley, 2002; Awale, 2005; 
Yang et al., 2005; Ohashi et al., 2010). In Bangladesh, 
it grows naturally in the hill forests of Chittagong, 
Chittagong Hill Tracts, Sylhet and Cox’s bazar and 
Sundarban Mangrove forests. It reaches up to 40 cm 
in diameter (Ohashi et al., 2010) having compound 
leaves bipinnate with the primary axis terminating 
in bifid tendrils, inflorescences long (12.5–15.5 cm) 
with whitish pleasantly perfumed small (5 mm in di-
ameter) flowers. Pod is about 60–70 × 6.5–9.5 cm 
but sometimes up to 110 cm in length, segmented 
(each segment 7.5–9.5 cm long) (Fig. 1). Endocarp is 
woody, seeds are brown, flattened, sub orbicular, flat, 
3.5–5.7 cm long, 3.5–5 cm wide, 2–2.5 cm thick and 

are hollowed out and filled with snuff and often called 
as ‘snuffbox sea beans’ (Siddhuraju et al., 2001). Testa 
is up to 2 mm thick, very hard; adaxial surfaces of the 
cotyledons do not touch to form a hollow structure 
(Ohashi et al., 2010). Mature seeds are rich in pro-
tein (26.8%), lipid (9.5%), fiber (15.7%), ash (5.4%) 
and carbohydrates (42.5%) (Vadivel et al., 2008). The 
high level of protein (with major proportion of albu-
min proteins), have a balanced amino acid (23.5%) 
composition, lipid (3.1–10.8%) with predominant 
unsaturated fatty acids and digestible starch (Janard-
hanan & Nalini, 1991; Mohan & Janardhanan, 1993; 
Vijayakumari et al., 1993; Banerjee & Dixit, 1998; 
Siddhuraju et al., 2001).

Mature and immature fruits, shoots and leaves 
of the plant are favorite foods for large herbivores 

Fig. 1. Fruit length (A), breath (B), seed size and seed coat thickness (C) of E. rheedii
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including elephants. Karib tribes of Assam and Oce-
anic group of tribes such as Onges and Great Anda-
manese in India eat boiled seeds. Northeast Indian 
tribal sectors such as Garo, Khasi, Naga and Kanik-
kars of Tamil Nadu and Kerala eat soaked seed ker-
nels upon roasting/boiling (Mohan & Janardhanan, 
1993; Siddhuraju et al., 2001; Janardhanan et al., 
2003). The half-ripened seeds are coffee substitute in 
some parts of South America (Janardhanan & Nalini, 
1991; Siddhuraju et al., 2001). 

In Southeast Asia, especially in the Philippines, 
India, Bali, Java and Sumatra the vine’s leaves, bark, 
roots and seeds are used in different ways to cleanse 
fresh wounds, heal minor scrapes and burns, and 
even used as a shampoo to treat hair and scalp con-
ditions (Siddhuraju et al., 2001). Some tribes believe 
that the seeds possess magical abilities to bring the 
owner good luck, the seeds would be strung together 
and used as jewelry. In the Philippines, a concoction 
from the whole plant, roots, bark, leaves and seeds 
is believed to treat the after effects of a stroke and 
improve blood flow to the brain (Cleversley, 2002).

Seeds are carminative, anodyne, spasmolytic 
bechic, anti-inflammatory, anathematic, antipatriot-
ic, used in liver complaints, glandular swellings, de-
bility, skin diseases (Wangchuk, et al., 2017). Tryp-
tophan derivatives from the seed kernels of Entada 
rheedii Spreng. is antiproliferative of HIV and anti-
oxidant (Nzowa et al., 2013). The juice of wood and 
bark is used for ulcers (Rajkumar & Rajanna, 2011). 
Wangchuk et al. (2017) mentioned that the seeds are 
detoxifier and useful against liver poisoning, neural-
gia, paralysis and other nerve related disorders. In 
India, the ground seeds are taken internally in con-
traception, snakebites and aphrodisiac. It is believed 
that the plant produces saponins, fatty oils and oth-
er potentially psychoactive alkaloids. One report 
(Cleversley, 2002) claims that the seeds contain as 
much as 18% essential oils, which may account for 
this plant’s magical properties and its ability to help 
induce lucid dream states. In this context, the plant 
Entada rheedii Spreng. receives additional attentions 
of the researchers.

Unfortunately, deforestation of tropical forests in 
general and the overexploitation of the vines out of 
its multipurpose uses in specific caused rapid dec-
lination in its natural abundance. The vine shows 
poor natural regeneration from seeds due to delayed 
germination caused by extremely hard seed coat (up 
to 2 mm) (Fig. 1) which is waxy, airtight and im-
permeable. Therefore, the sturdy seed coat ensures 
long dormant period without impairing the viability. 
In our observation, when seeds were sown in ger-
mination bed for germination trials, they remained 
viable for more than six months without germina-
tion or degradation of the quality. In natural condi-
tion inside the forests, the seeds usually germinate 

when the fruits are eaten by the elephants and seeds, 
that are partially digested with acidic and microbial 
actions inside the intestine, come out through fec-
es. However, as elephant population is dwindling 
depending on them for natural regeneration is be-
coming less of an option and even if there is a small 
population of elephants they cannot be tapped for 
germination in large scale plantation programs. De-
spite some studies on the nutritional value, medici-
nal properties and uses in healthcare aspects of this 
plant, the information about the regeneration aspect 
of this valuable plant species is very scarce. Hence, 
to conserve this species besides harnessing its eco-
nomic potential through plantations – it became es-
sential to conduct research on regeneration, espe-
cially on the pre-sowing treatments for developing 
large number of propagule for plantation programs. 
Therefore, this research aimed to explore the germi-
nation potential and initial growth performance of 
seedlings of the hard coated Entada rheedii Spreng. 
seeds with various pre-sowing treatments and root-
ing ability of cuttings treated with different concen-
trations of exogenous rooting hormone (IBA) in two 
different seasons.

Materials and methods

The study was conducted at the nursery of Insti-
tute of Forestry and Environmental Sciences at Chit-
tagong University campus. The nursery is located at 
22°30'N and 91°50'E and enjoys typically tropical cli-
mate, characterized by hot humid summer and cool 
dry winter (Hossain et al., 2019). Mean monthly tem-
perature varied from 26.2  °C to 32.5  °C maximum 
and 14.9 °C to 25.5 °C minimum. Relative humidity 
is generally the highest (86%) in June and lowest 
(59%) in February to March. Mean annual rainfall of 
the area is about 916 mm, which mostly takes place 
in June to October. Forest soils used in the nursery 
were moderately coarse to fine texture sandy with a 
pH 4.5. The study was involved with two different 
aspects: i) Pre-sowing treatments for seed germina-
tion to raise seedlings and ii) Clonal propagation by 
stem cutting.

Seed germination and seedling raising

Fruit collection, seed extraction and pre-sowing 
treatments

Ripe fruits of Entada rheedii Spreng. were collected 
in February and March from the reserve forests of 
Teknaf under Cox’s Bazar South Forest Division. The 
fruits (pods) were measured for length, breadth, seg-
ments and thickness and dried up for two weeks for 
easy seed extraction. After extracting, the seeds were 
also measured for length, breadth and thickness 
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including the seed coat and the cotyledon. Since ger-
mination percentage and seedling vigor was report-
ed to be influenced by the seed size (Gunaga et al., 
2007, 2011), uniform seeds (above average in size i.e., 
4.5–4.8 cm length and 3.6–3.9 cm in breadth) were 
sorted out and used for the treatments to avoid the 
non-treatment variations. Around half of the seeds 
were cut with the hacksaw blade to make a small 
notch at the opposite sides of the embryo (Fig. 2) to 
facilitate moistening during germination. Rest of the 
seeds were kept intact. To determine the effects of 
the pre-sowing treatments on germination and seed-
ling growth (i) both intact and cut seeds were soaked 
in water for 0 h, 24 h, 48 h and 72 h. (ii) intact seeds 
were soaked in 5% (by volume) acetone solution 
for 5 min, 10 min and 20 min. The treatments were 
designated as follows – intact seeds left without any 
treatment (soaked for 0 h; I0) and soaked in water for 
24 h (I1), 48 h (I2), 72 h (I3); cut seeds without any 
treatment (soaked for 0 h; C0), soaked in water for 
24 h (C1), 48 h (C2), 72h (C3), intact seeds soaked 
in 5% Acetone for 5 min (IA5), 10 min (IA10) and 
20 min (IA20). Thirty seeds were sown in each rep-
lication and three replications formed a treatment. 

Thus 90 seeds were subjected to each treatment and 
a total 990 seeds were sown under 11 treatments for 
the study. 

Seed sowing and data collection
Seeds were sown in polybags filled with a 3:1 mix-

ture of soil and decomposed cow-dung by dibbing 
them 0.5 cm into the mixture with thumb before 
covering up. Protective measures i.e., a shed made 
of local agro net of 5 mm mess was adopted against 
the hot sun, intensive rains, and birds and pesticide 
was used against the ants, insects, rodents and other 
pests. Watering and weeding were done regularly to 
ensure proper growth of seedlings. Loosening of top-
soil was also done whenever the soils became com-
pacted to prevent the growth of green mold on the 
soil surface.

Effects of pre-sowing treatments on E. rheedii seed 
germination was explored by counting the germinat-
ed seeds and assessing initial growth performance of 
seedlings. Germination initiated 14 days after sowing 
and culminated at 44 days. There was no new germi-
nation after 44 days and hence the germination per-
centage was determined after 44 days. The seedling 

Fig. 2. Intact and cut seeds of E. rheedii (A), seeds after 48 h of soaking in water (B) and various stages of germination (C–F)
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height and collar diameter of all seedlings were re-
corded six months after sowing the seed to assess 
the growth performance of the E. rheedii seedlings. 
Growth performance was assessed by recording total 
length, root length, shoot length and leaf number of 
10 random seedlings from each treatment by careful-
ly uprooting them. Root, shoot and leaf components 
of the uprooted seeding were separated and dried 
in electric oven at 72 °C until reaching the constant 
weight and the dry weight of shoot, root and leaves 
were recorded. 

Clonal propagation through stem cutting

Shoots were collected from 6 months (autumn 
cuttings) or 10 months (summer cuttings) old seed-
ling (stockplants) raised in the nursery. One node 
cuttings with two leaves trimmed to half were pre-
pared from the pre-selected E. rheedii stockplants 
for the experiment in June (summer cuttings) or in 
October (autumn cuttings). The lengths of summer 
and autumn cutting were 7.8–8.4 cm and 8.1–9.5, 
respectively. The average diameter of summer and 
autumn cutting were 1.5–1.7 mm and 1.9–2.5 mm, 
respectively. The lengths and diameters of cuttings 
were kept indifferent among the treatments to avoid 
the non-treatment variation. 

The cuttings were briefly immersed into a fungi-
cide solution – Diathene M45 (Rohm and Co. Ltd., 
France; 2gm per liter of water) to avoid fungal infec-
tion. Effect of IBA on rooting ability of cuttings was 
explored by dipping the base of the cuttings brief-
ly (one minute) into 0% (TI0; control), 0.4% (TI1) 
and 0.8% (TI2) IBA solutions. IBA treated cuttings 
were then planted into perforated plastic trays filled 
with a mixture of coarse sand and fine gravels. The 
cuttings in the trays were then placed in completely 
randomized blocks into a non-mist propagator (Ka-
maluddin, 1996) for rooting.

 Rooting of stem cuttings 
A total of 180 cuttings were placed under three 

different treatments with three replications for each 
growing season in the non-mist propagator. Cuttings 
were planted in 18 trays, 6 trays for each treatment 
(0%, 0.4% and 0.8% IBA solution) and each tray con-
taining 10 cuttings served as a plot. Thus the number 
of replicate cuttings per treatment was 60. The cut-
tings were watered once only just after placing in the 
propagator followed by a light spray irrigation every 
morning with a hand spray till transferring the root-
ed cuttings from the propagator.

Weaning and transferring the rooted cuttings 
into polybags

The cuttings were subjected to weaning before 
transferring them into polybags. Weaning was done 

to harden the rooted cuttings in prevailing adverse 
environment outside the propagator. It increases the 
survival capacity of the rooted cuttings. After wean-
ing, all rooted cuttings were transferred into poly-
bags filled with 3:1 soil and decomposed cow-dung. 
Before planting into the polybags, lengths and diam-
eters of rooted cuttings were measured. Number of 
roots (all roots longer than 0.5 cm) and the length 
of the longest root were measured and recorded for 
each cutting. After transferring into the polybags, the 
rooted cuttings were kept in shade for a week before 
placing them in the sun. 

Survival capacity of rooted cuttings
Survival capacity indicates the survival potential 

of the rooted cuttings upon their transfer into the 
polybags in the nursery and allowing them to grow 
under direct sunlight for four months. The initial 
growth performance of all the rooted cuttings were 
assessed by measuring total height, collar diameter 
and leaf number four months of growing in the poly-
bags in the nursery condition.

Data analysis

All data were analyzed in Microsoft Excel and 
IBM SPSS (ver.22). Analysis of Variances (ANOVA) 
and Duncan’s Multiple Range Test (DMRT) was 
used to explore the possible treatment and seasonal 
variations in the cuttings. Percentages were adjust-
ed following arcsine transformation formula before 
placing the data into analysis of variance (Zaman et 
al., 1983). 

Y = Sin−1 X½

where:
 – Y – Arcsine transformed value,
 – X – proportion of number of cutting rooted to the 

number of cutting planted and the value 100 per-
cent were substituted (100 − ¼n) where ‘n’ is the 
number of units upon which the percentage data 
is based i.e., the denominator used in computing 
the percentages. Statistical significance in all anal-
yses was determined at p<0.05.

Results 
Seed germination pattern

Germination started with swelling of seeds fol-
lowed by gradual splitting the seed coat and cotyle-
don with emergence of the radicle and the plumule 
(Fig. 2). The cut seeds soaked in water for 48 h (C2) 
showed the fastest germination (14 days after sow-
ing) followed by the cut seeds soaked in water for 
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72 h while intact seeds without treatment showed 
the slowest germination (30 days after sowing). In-
terestingly, most of the intact seeds remained unger-
minated yet completely viable even two month after 
sowing then in germination media (supplemental 
Fig. S1) due to thick, waxy, airtight and impermea-
ble seed coats that prevented water penetration for 
seed germination. Accordingly, seeds of E. rheedii may 
remain viable for years without germinating. The 
cumulative germination percentage for C2 reached 
from 15% on day 15 to its peak 73% on day 44 after 
sowing and remained constant henceforth till the end 
of germination test (60 days). On the other hand, the 
cumulative germination percentage for C3 reached 
from 10% on day 15 to its peak 60% on day 40 after 
sowing and remained constant up to the end of the 
germination period (60 days). Germination started 

in treatments I0, I1, C0 and IA20 on day 25, 35, 25 
and 30, respectively and ended on day 55 with very 
low cumulative germination percentages. Treatment 
IA5 showed slightly better germination percentage 
though germination started on day 35 (Fig. 3). 

Germination percentage

The range of germination percentages among the 
treatments of E. rheedii seeds was 3.3 to 73.3. Cut 
seeds soaked in water for 48 h (C2) showed the high-
est germination percentage (73.3) followed by cut 
seeds treated with water for 72 h (60%) while intact 
seeds without any treatment or seeds treated with 
5% acetone for 20 min (3.3%) exhibited the lowest 
germination percentage (Fig. 3 and Fig. 4).

Seedling growth performance 

The average height of E. rheedii seedlings varied 
significantly (p<0.001) among seeds with different 
pre-sowing treatments six months after sowing the 
seeds. As shown in figures 5 and 6, the maximum 
height growth was for treatment C2 (153.3 cm) fol-
lowed by C3 (131.7 cm) IA5 (116.7 cm) and the low-
est was in I1 (87 cm) six months after sowing the 
seeds. Collar diameter of seedlings varied from 3.4 
mm to 5.5 mm among treatments six months after 
sowing the seeds. The highest collar diameter was 
recorded for C2 (5.5 mm) followed by IA10 (5 mm) 
and the minimum was for I0 (3.43 mm). The aver-
age number of leaves in seedling also varied signif-
icantly (p<0.01) among the treatments. The maxi-
mum number of leaves was observed for C2 (14.3) 

Fig. 3. Cumulative (A) and total (B) germination percentage of E. rheedii seeds treated with various pre-sowing treat-
ments. Intact seeds without any treatment (I0), intact seeds soaked in water for 24 h (I1), 48 h (I2), 72 h (I3); cut 
seeds without any treatment (C0), cut seeds soaked in water for 24 h (C1), 48 h (C2), 72h (C3); intact seeds soaked 
in 5% Acetone for 5 minute (IA5), 10 minute (IA10) and 20 minute (IA20). Percentages were adjusted using arcsine 
transformation formula before placing the data into analysis of variance. The same letters on the bars indicate no sig-
nificant difference at p<0.05 according to Duncan’s Multiple Range Test (DMRT). Error bar (I) indicates the standard 
error of means

Fig. 4. Germination pattern of intact (A) and cut (B) seeds 
of E. rheedii in the nursery beds four months after sow-
ing the seeds
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followed by C3 and the lowest was for IA5 (8.67) 
(Fig. 5 and Fig. 6).

Average dry weight of shoots, leaves and roots as 
well as total dry weight of E. rheedii seedling grown 
from seeds under different pre-sowing treatments 
significantly (p<0.01) varied. The highest shoot 
weight and leaf dry weight was noticed for C2 fol-
lowed by C3 and the lowest was in C0. However, 

maximum root dry weight was for C0 followed by C3 
and the lowest was in C1. The range of dry weight 
for seedlings was 3.6 g to 5.7 g six months after sow-
ing the seeds. Maximum plant dry weight was for C2 
(5.7 g), followed by C3 (5.47 g) and the lowest was 
for I0 (3.6 g). The average dry weight of seedlings 
grown from cut seeds was higher than those from 
the intact seeds. 

Fig. 5. Plant height growth (A), collar diameter and leaf number (B) of seedlings germinated under different pre-sowing 
treatment six months after sowing the seeds. Intact seeds without any treatment (I0), intact seeds soaked in water 
for 24 h (I1), 48 h (I2), 72 h (I3); cut seeds without any treatment (C0), cut seeds soaked in water for 24 h (C1), 48 
h (C2), 72h (C3); intact seeds soaked in 5% Acetone for 5 min (IA5), 10 min (IA10) and 20 min (IA20). The same 
letters on the bars indicate no significant difference at p<0.05 according to Duncan’s Multiple Range Test (DMRT). 
Error bar (I) indicates the standard error of means

Fig. 6. Height growth performance (A) and plant dry weight (B) of E. rheedii seedlings grown from seeds with various 
pre-sowing treatments six months after sowing the seeds. Intact seeds without any treatment (I0), intact seeds soaked 
in water for 24 h (I1), 48 h (I2), 72 h (I3); cut seeds without any treatment (C0), cut seeds soaked in water for 24 h 
(C1), 48 h (C2), 72h (C3); intact seeds soaked in 5% Acetone for 5 min (IA5), 10 min (IA10) and 20 min (IA20). The 
same letters on the bars indicate no significant difference at p<0.05 according to ANOVA and DMRT. Error bar (I) 
indicates the standard error of means
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Clonal propagation through stem 
cutting

Rooting ability of Entada rheedii Spreng. stem 
cutting

Rooting percentage of E. rheedii stem cuttings 
ranged 54.3 to 66.7 and 57.3 to 64.6 respectively 

for summer and autumn cuttings among the treat-
ments (Fig. 7). Variation in rooting percentage was 
insensitive to the exogenous application of root-
ing hormone (IBA). In the summer cuttings, the 
highest rooting percentage was for 0.8% IBA treat-
ment (66.7%) while in autumn cuttings it was for 
0.4% IBA treatment (64.6%). The lowest rooting 

Fig. 7. Rooting percentage (A), root number (B) and root length (C) of E. rheedii stem cuttings treated with 0% (TI0), 
0.4% (TI1) and 0.8% (TI2) IBA solution four weeks after placing the cuttings in the rooting media. Percentages were 
adjusted using arcsine transformation formula before placing the data into analysis of variance. The same letters 
on the bars indicate no significant difference at p<0.05 according to ANOVA and DMRT. Error bar (I) indicates the 
standard error of means

Fig. 8. Rooting ability and steckling capacity of E. rheedii cuttings. A) Cuttings rooted in the perforated plastic tray filled 
with coarse sands, B) cuttings rooted with 0% (TI0), 0.4% (TI1) and 0.8% (TI2) IBA solution and C) initial growth 
performance of representative summer cuttings rooted with different concentrations of IBA solution three months 
after transferring the rooted cuttings in the polybags
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percentages (54.3% and 57.3% respectively in sum-
mer and autumn cuttings) was observed in control 
(TI0). However, significant differences have been 
observed in root number among the cutting types 
and treatments applied. Average number of roots in 
summer cuttings varied from 8.3 to 36.6 among the 
treatments. The highest number of root (36.6) was 
for cuttings treated with 0.4% IBA solution followed 
by 27.1 in 0.8% IBA and the lowest was in TI0 (con-
trol cuttings). However, the highest number of root 
per cutting in autumn was 16.1 when treated with 
0.8% IBA solution followed by TI1 (cutting treated 
with 0.4% IBA solution) and the lowest (11.5) was 
noticed in TI0 (Fig. 7 and Fig. 8). Mean length of 
longest roots of summer and autumn cuttings varied 
respectively between 5.9 cm and 9.1 cm and 6.5 cm 
and 8.0 cm. The longest root (9.1cm) was for the 
summer cuttings with 0.4% IBA treatment followed 
by the control and the shortest was for 0.8% IBA 
treatment. In autumn cutting, the longest root was 
6.5 cm for cuttings treated with 0.8% IBA followed 
by 0.4% IBA and the shortest (5.9 cm) was in con-
trol. No significant difference was noticed in root 
length among the treatments applied or the cutting 
types (Fig. 7 and Fig. 8).

Survival and growth performance of summer 
rooted cuttings

Three months after transferring into polybags, 
the survival percentage of rooted cuttings ranged 
from 53 to 69 across the treatments – the highest 
being for the cuttings rooted with 0.4% IBA solution 
(69%) followed by 0.8% IBA (58.3%) and the low-
est (53%) in control. The height attained by rooted 
cuttings three months after planting in the polybag 
ranged from 17.9 cm to 29.6 cm among the treat-
ments with significant enhancement of height due 
to the application of IBA (Fig. 8c and Table 1). The 
maximum height growth was in cuttings rooted with 
0.8% IBA (29.6 cm) followed by those treated with 
0.4% IBA (19.1 cm) while the lowest was in control 
(17.9 cm). However, the mean leaf number of rooted 
cuttings was insensitive to IBA treatment (Table 1). 

Discussion
Germination performance

The fastest germination with highest germination 
percentage was recorded from the cut seeds soaked in 
water for 48 h (C2) followed by the cut seeds soaked 
in water for 72 h (C3) while intact seeds without 
treatment showed the slowest and minimum (3%) 
germination (Fig. 3 and Fig. 4). The cumulative ger-
mination percentage for C2 soared to its peak (73%) 
44 days after sowing followed by C3 (60%) which 
reached on day 40 of sowing and remained constant 
up to the end of the germination period (60 days) 
(Fig. 3). The seeds of most of the Fabaceae species 
have been observed to exhibit physical dormancy due 
to presence of hard seed-coat and thereby resulted 
poor seed germination (Azad et al., 2006). Therefore 
several methods are being applied for breaking the 
dormancy and enhancing the germination potentials 
of the Fabaceae seeds. Some commonly used meth-
ods to overcome physical dormancy of seeds are acid 
scarification, mechanical scarification and immersion 
in water (Baskin and Baskin, 2004). Immersion in hot 
water and subsequently soaked in cold water was re-
ported to enhance germination percentage of Albizia 
procera (Azad et al., 2012) and A. lebbeck (L.) Benth 
(Kumar et al., 2018). Scarification by mechanically 
nicking with secateurs resulted 100% germination 
in Acacia polyacantha with maximum seedling growth 
(Missanjo et al., 2014). Nail clipping in one side of 
the seed (at the distal end of the seed) and soaking 
in water provided the highest seed germination was 
reported by Alamgir and Hossain (2005). The results 
of the present study were also in line with the obser-
vations from Hossain et al. (2005a, 2005b) as they 
reported the highest germination percentages for 
hard-coated seeds of Terminalia belerica and T. chebula 
(88.9% and 66.7%, respectively) in depulped seeds 
soaked in water for 48 h followed by the depulped 
seeds soaked in water for 24h and the lowest germi-
nation percentage (58.9%) in control i.e., intact seeds 
without soaking in water. Nongrum and Kharlukhi 
(2013) also reported significantly higher germination 
percentage of Abizia chinensis seeds (96.66%) soaked 
in water after nicking. Similar results were reported 
by Hossain et al. (2011) who recorded highest cu-
mulative germination percentage in F. jangomas seeds 
soaked in water for 48 h followed by seeds soaked in 
water for 24 h. Ara et al. (1997) reported 70–75% 
germination in T. belerica seeds soaked in water for 
48 h followed by depulped fruits. Also, Hossain et 
al. (2013, 2014a) reported the highest germination 
percentage in depulped seeds soaked in water for 48 
h for both the species T. belerica (93%) and T. chebula 
(73.3%). Generally, the legume seeds with hard seed 
coats show enhanced germination with pre-sowing 

Table 1. Effect of IBA concentration on height and leaf 
number of E. rheedii rooted cuttings three months after 
transferring the rooted cuttings in the polybags

Variable
Treatments

p
TI0 TI1 TI2

Survival percentage 52.9±5.2b 68.8±6.5ab 58.3±0.9ab 0.002
Height(cm) 17.9±0.9b 19.6±0.8b 29.1±1.0ab 0.047
Leaf number 17.0±1.5a 17.6±0.9ab 19.4±0.6ab 0.109

The same superscript letters indicate no significant difference at 
p<0.05 according to ANOVA and DMRT). Percentages were 
adjusted using arcsine transformation formula before placing 
the data into analysis of variance. ± indicates the standard 
error of means.
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treatments (Alamgir & Hossain, 2005; Azad et al., 
2011, 2012; Nongrum & Kharlukhi, 2013; Missanjo 
et al., 2014). Entada rheedii Spreng. seeds were also 
treated with acetone for 5 minutes, 10 minutes and 
20 minutes. The reason behind treating the seeds 
with acetone was that in our preliminary study, we 
noticed seeds were impermeable but after making 
small notch they became permeable and germinat-
ed. We then thought that one of the reasons of this 
impermeability was the wax i.e., the seed coat was 
covered with thin layer of wax. Wax on the seed coat 
might be dissolved in acetone and enhance the germi-
nation of the seeds by decreasing physical dormancy 
(Subbaiah, 1982). However, germination percentage 
of E. rheedii in this study was not enhanced signifi-
cantly with acetone treatment as we can see in Figure 
3 and Figure 4. Moreover the result of acetone treat-
ment on seed germination was non-specific. The rea-
sons behind decreasing the germination percentage 
of E. rheedii seeds when treated with acetone could 
not be justified due to lake of relevant literature. 

Seedling growth performance

The average height of E. rheedii seedlings was max-
imum for treatment C2 (153.3 cm) followed by C3 
(131.7 cm) IA5 (116.7 cm) and the lowest was in I1 
(87 cm) six months after sowing the seeds (Fig. 5 and 
Fig. 6). The highest collar diameter was also recorded 
for C2 (5.5 mm) followed by IA10 (5 mm) and the 
minimum was for I0 (3.43 mm). Although, the max-
imum number of leaves was observed for C2 (14.3) 
followed by C3 and the lowest was for IA5 (8.67). 
Missanjo et al. (2014) reported 100% germination 
in Acacia polyacantha with maximum seedling height, 
colar diameter and leaf number scarification by nick-
ing with secateurs. Hossain et al. (2005a, 2005b) 
and Hossain et al. (2013, 2014a) reported maximum 
height growth of T. belerica and T. chebula seedlings for 
seeds soaked in water for 48–72 h and the lowest in 
controlled seeds. Significantly higher collar diameter 
in the T. chebula seedlings treated with 72 h soaking in 
cold water compared to other treatments was report-
ed by Hossain et al. (2005b). However, Hossain et al. 
(2005a) for T. belerica and Hossain et al. (2014a) for T. 
belerica and T. chebula seedlings did not find any signif-
icant difference in collar diameter among treatments. 
Regarding the maximum number of leaves, the obser-
vations in this study were supported by the reports 
from Hossain et al. (2005a) for T. belerica, Hossain 
et al. (2005b) for T. chebula and Hossain et al. (2013, 
2014a) for both T. belerica and T. chebula. 

Biomass production

Average dry weight of shoots, leaves and roots as 
well as the total dry weight of E. rheedii seedling were 

significantly (p<0.01) enhanced due to the different 
pre-sowing treatments. The highest shoot weight 
and leaf dry weight was noticed for C2 followed by 
C3 and the lowest was in I0. Dry weight of seedlings 
grown from cut seeds was higher than those from 
the intact seeds. The findings of the present study 
regarding the shoot and leaf dry weight of seedlings 
were supported by Hossain et al. (2005a, 2005b) as 
they observed maximum shoot and leaf dry weights 
for T. belerica and T. chebula seedlings grown from 
seeds soaked in water for 48 h. Besides these, Non-
grum and Kharlukhi (2013) reported highest seed-
ling dry weight of Abizia chinensis seeds germinated 
by soaking the seeds in water after nicking. Nail clip-
ping in one side of the seed (at the distal end of the 
seed) and soaking in water provided the highest seed 
germination and seedling dry weight was reported 
by Alamgir and Hossain (2005). Again, Hossain et 
al. (2005a, 2005b, 2013, 2014a,) demonstrated sig-
nificantly higher shoot, root and leaf dry weight for 
T. chebula seedlings grown from seeds soaked in wa-
ter for 48h compared to seedlings from other treat-
ments. The results regarding the total dry mass of 
seedlings also conformed to Hossain et al. (2005a, 
2005b). 

Rooting ability of E. rheedii stem cutting

The rooting percentage of E. rheedii stem cuttings 
ranged 54.3 to 66.7 and 57.3 to 64.6 for summer 
and autumn cuttings respectively (Fig. 7) which was 
insensitive to the exogenous application of rooting 
hormone (IBA) and the cutting types. The high-
est rooting percentage was for 0.8% IBA treatment 
(66.7%) in summer cuttings and for 0.4% IBA treat-
ment (64.6%) in autumn cuttings while the lowest 
rooting percentages was in control (TI0). Significant 
difference was noticed in root number but indif-
ference in average length of roots developed in the 
cuttings among the cutting types and treatments ap-
plied (Fig. 7). The highest number of root per cutting 
(36.6) was for 0.4% IBA treatment followed by 0.8% 
IBA (27.1) in summer cuttings and 16.1 with 0.8% 
IBA solution followed by 14.2 with 0.4% IBA solu-
tion in the autumn cuttings while the lowest was in 
TI0 (control cuttings) in both the seasons (Fig. 7 and 
Fig. 8). Applied rooting hormone IBA is known to 
intensify the rooting ability of cuttings explained by 
several authors. For instance, Hossain et al. (2014b) 
reported the highest rooting percentages (63%) and 
maximum number of root (4.8) per cutting when 
single node cuttings of Anisoptera scaphula stem were 
treated with 0.8% IBA solution followed by 0.4% 
IBA and the lowest was in control. Similar result 
was reported by Hossain et al. (2019) for Podocarpus 
neriifolius D. Don. where highest rooting percentage 
(61.3) was recorded from 0.8% IBA treated cuttings. 
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In a separate experiment, Hossain et al. (2002, 2011) 
observed rooting enhancement in Artocarpus hetero-
phyllus and Flacourtia jangomas stem cuttings with IBA 
treatment. Similar observations were made by Ab-
dullah et al. (2005) for Baccaurea sapida, Baul et al. 
(2009) for Stereospermum suaveolens, Baul et al. (2011) 
for Litsea monopetala, Dias et al. (1999) for Platanus 
acerifolia, Rosa (1997) for Tachi-branco (Sclerolobium 
paniculatum), Kamaluddin and Ali (1996) for A. heter-
ophyllus and Kamaluddin et al. (1998) for C. velutina. 
No significant difference was noticed in root length 
among the treatments applied or the cutting types 
(Fig. 7 and Fig. 8). However, the longest root was 
reported for P. neriifolius (Hossain et al., 2019) and B. 
sapida Muell. (Abdullah et al., 2005) cuttings treat-
ed with 0.4% IBA treatment followed by 0.8% IBA 
and the lowest was in controlled cuttings. Baul et al. 
(2009) showed that cuttings treated with 0.2% IBA 
produced longest roots in Stereospermum suaveolens 
tem cuttings. 

Actually the required concentration of exoge-
nous IBA for rooting varied based on species, nature 
(woody or soft cuttings) and state of the cuttings. 
The doses ranged from 0.1% (Baul et al., 2011) to 
10.0% (Lee & Bilderback, 1990). However, in most 
of the cases researchers noticed significantly higher 
rooting percentage with 0.4% IBA solution. For ex-
amples, Hossain et al. (2002, 2004) reported signif-
icantly enhanced rooting percentage in the cuttings 
of Artocarpus heterophyllus, Swietenia macrophylla and 
Chukrasia velutina, respectively with 0.4% IBA solu-
tion. Tchoundjeu et al. (2004) obtained better root-
ing percentage with 0.4% IBA treatment in P. johimbe, 
and Abdullah et al. (2005) in B. sapida cuttings. Again, 
Baul et al. (2009) stated better rooting performance 
in S. suaveolens cuttings with 0.4% IBA solution. Ne-
gash (2002) noticed suggestively decreased rooting 
percentage and root number in Juniperus procera when 
they were treated with 0.4% IBA concentration. 

Survival of E. rheedii rooted cuttings

The survival percentage of rooted cuttings three 
months after transferring them into polybags, ranged 
from 53 to 69 across the treatments. The highest be-
ing for the cuttings rooted with 0.4% IBA solution 
(69%) followed by 0.8% IBA (58) and the lowest 
(53%) in control. The maximum height growth was 
in cuttings rooted with 0.8% IBA (29.6 cm) followed 
by those treated with 0.4% IBA (19.1 cm) while the 
lowest was in control (17.9 cm). However, the mean 
leaf number of rooted cuttings was insensitive to IBA 
treatment (Table 1). This was in accordance with the 
reports from Hossain et al. (2014b, 2019) as they 
found significantly higher survival of rooted cuttings 
for A. scaphula and P. neriifolius in nursery with IBA 
treatment over control. Also, Hossain et al. (2011) 

obtained the highest (85%) survival in the F. jango-
mas cuttings treated with 0.4% IBA and the lowest in 
control. The higher number of roots per cutting due 
to IBA treatment may be the cause of better survival 
and growth of rooted cuttings in the nursery condi-
tion. However, Baul et al. (2009) reported reduced 
survival percentage in rooted cuttings treated with 
higher IBA concentrations.

Conclusion

Dormancy and thick hard seed coat inhibits easy 
germination of seeds of many tropical indigenous 
plant species. Therefore, species specific optimized 
treatment of seeds becomes inevitable to enhance 
the production of vigorous seedlings at minimum 
cost; time and labor. In this study, germination 
performance (germination percentage, cumulative 
germination percentage over time), initial seedling 
growth performance (height, collar diameter and 
leaf number), and biomass yield ( in terms of shoot 
dry weight, leaf dry weight and total dry weight) 
was assessed for different seed treatments for hard 
seed coated species E. rheedii. The best treatment was 
cut seeds soaking in water for 48 h (C2). Besides, 
the clonal propagation from autumn and summer 
cuttings for the species was studied under different 
IBA treatments. In both the seasons, the species was 
amenable to clonal propagation through stem cutting 
even without any rooting hormone IBA (57.6% and 
54.7% in autumn or summer cutting treated respec-
tively). However, the best result in terms of rooting 
percentage, root number and steckling capacity, the 
cuttings treated with 0.4% IBA solution was recom-
mended by this research. 
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